Background: The bispectral index (BIS) and A-line autoregressive index (AAI) are electroencephalogram-derived monitoring indices of anesthesia. This study evaluated the efficacy of BIS-and AAI-guided sevoflurane anesthesia in children receiving ambulatory urologic surgeries. Methods: One hundred sixty children (aged 3e12 years) undergoing ambulatory urologic surgery were randomized to receive sevoflurane anesthesia controlled either solely by clinical parameters (standard practice group), BIS-guided group within the BIS range of 40e60 (BIS group), or AAI-guided group within the AAI range of 15e30 (AAI group). The primary outcome was the recovery time, and the secondary outcome was the quality of recovery, including the incidence of emergency delirium measured by Pediatric Anesthesia Emergence Delirium score, incidence of postoperative nausea and vomiting, and parental satisfaction. Results: Compared with the standard practice group, patients with BIS or AAI monitoring had shortened recovery time and consumed less sevoflurane. There were no significant differences in the incidences of emergence delirium, postoperative nausea and vomiting, or parental satisfaction among the three groups. Conclusion: BIS-and AAI-guided titration sevoflurane anesthesia could result in shortened recovery and reduced sevoflurane concentration and consumption without affecting the quality of recovery in children receiving ambulatory urologic surgery. The beneficial effects of AAI-and BISguided anesthesia in pediatric ambulatory surgeries are similar.
Introduction
Ambulatory urologic surgeries in children require an anesthetic regimen that provides fast recovery, fewer side effects, and high quality of recovery. Anesthesia guided by cerebral monitoring for anesthetic depth, such as bispectral index (BIS), representing the cortical activity or A-line autoregressive index (AAI), representing the transfer of auditory information from the medial geniculate body to the primary auditory cortex, 1 has been demonstrated to reduce anesthetic concentration, facilitate earlier recovery, improve quality of recovery, and prevent awareness in adults. 2e5 The BIS readings are obtained from the spontaneous frontal electroencephalographic signals and are expressed as numbers ranging from 0 to 100, whereas the AAI readings were derived from autoregressive modeling with exogenous input from the middle latency auditory-evoked potentials, which are the small change in electrical responses of the brain auditory stimuli and are also expressed as numbers ranging from 0 to 100. The BIS values 100, 80, 60, 40, and 0 represent awake, sedation, general anesthesia, deep hypnosis, and an isoelectric electroencephalogram, respectively, whereas the AAI values 40e100, 30e40, less than 15 represent awake, light anesthesia, and deep anesthesia, respectively. Although there are several new cerebral monitoring technologies in anesthesia (including BIS and AAI), there is still no universally accepted gold standard to measure the depth of anesthesia or level of consciousness during anesthesia.
Some studies showed no difference between cerebral monitoring-guided anesthesia and anesthesia using standard protocols in adults. 6, 7 It has been found that the BIS-guided or AAI-guided anesthesia can reduce anesthetic concentration and result in early recovery in children. 8, 9 However, there is controversy regarding the impact of the alleged anesthetics-sparing effects of cerebral monitoring in children. For instance, Ironfield and Davidson 10 have shown that AAI-1.6 is a poor predictor of sevoflurane concentration in infants and children. Sevoflurane is most commonly used inhalation anesthetics today in children because it is especially desirable for mask induction in children because of its patient acceptance and rapid onset. 11 Unfortunately, these studies did not compare the impact of AAI-and BIS-guided sevoflurane anesthesia on recovery from ambulatory setting in children.
The use of volatile anesthetics is associated with frequent emergence delirium in children who have restlessness, screaming, disorientation, and kicking. This often leads to increased length of hospital stay and medical intervention to prevent increased bleeding from surgical sites, accidental removal of intravenous lines, and wound pain. 12 Postoperative nausea and vomiting (PONV) is another common adverse effect of volatile anesthetics. The use of cerebral monitoring-guided anesthesia can decrease postoperative nausea in adults. 13 Therefore, we designed this study to evaluate the impact of BIS-or AAI-guided anesthesia, as compared with standard clinical practice, and to investigate the quality of recovery, including emergence delirium, PONV, and parental satisfaction, among the three groups after general sevoflurane anesthesia in children. The primary outcome was the recovery time, and the secondary outcomes were the quality of recovery and sevoflurane concentration/consumption.
Methods

Study population and randomization
With approval from the institutional review board of the hospital and written informed consent from the parents of the participants, prepuberty patients, aged 3e12 years, with American Society of Anesthesiologists physical status I or II and scheduled for elective urologic outpatient surgery were enrolled in this study. To avoid confounding factors, children with a history of premature delivery reported developmental delay, deafness, significant cardiovascular, respiratory, neurological disease, or who were receiving medication known to affect the central nervous system were excluded. After induction, the patients were allocated randomly by a computergenerated randomization table to one of the following three groups: anesthesia guided by clinical parameters {standard practice [SP] group}, BIS (BIS group), and AAI (AAI group).
Study protocol
All study subjects went to the preanesthetic clinic to receive the evaluation of their clinical conditions before operation. They were oriented to the environment of the operation room and the way of anesthesia, and the monitoring settings during anesthesia were explained to them. The "stickers" put on the chest (the electrodes of electrocardiogram) and the head (the electrodes for cerebral monitoring, including AAI and BIS) were explained to them. The headphones put on the ear to hear the "frog singing" was also explained to them in the preanesthetic clinic. Premedication was not offered to children in this trial. All parents were present while their children were receiving induction of anesthesia. On arrival at the operation room, standard monitoring devices, including continuous electrocardiogram, noninvasive blood pressure monitor, and pulse oximeter (IntelliVue MP60 monitor; Philips, Germany) were applied to the patient. The BIS electrodes (Pediatric BISSensor, Philips BIS module, Aspect Medical Systems' XP platform technology, Norwood, MA), AAI electrodes (A-Line AEP electrodes, A-Line monitor, version 4.21; Danmeter A/S, Odense, Denmark), and a headphone for the delivery of auditory stimuli were placed at suitable positions as recommended by the manufacturers. Both BIS and AAI electrodes were placed on every child simultaneously. The BIS electrodes were placed on the forehead, and the white electrode and green electrode of the A-Line monitor were placed on the forehead and beneath the hairline. The negative (black) electrode of A-Line monitor was placed on the left cheekbone for improved performance, as recommended by Danmeter A/S.
Baseline BIS and AAI values were obtained with the patient lying on the table and accompanied by the parents for 5 minutes before the induction of anesthesia. Anesthesia was induced with sevoflurane via facemask: initially 8 vol% fraction inspired in combination with 50% N 2 O in oxygen. All patients were induced by the same staff anesthesiologist. Patient behavior during the induction process was assessed by a trained observer using the Induction Compliance Checklist. 14 In the SP group, the first anesthesiologist was responsible for the administration of sevoflurane and monitoring of the depth of anesthesia by using standard clinical signs with the goal of maintaining hemodynamic stability while avoiding patient movement and achieving a rapid recovery after surgery. The inspired sevoflurane concentration was subsequently titrated by 0.5% increments depending on the patient's clinical signs. In the SP group, both BIS and AAI monitors were positioned out of the anesthesiologist's line of sight. In the BIS and AAI groups, a second anesthesiologist ensured proper functioning of the monitors during the operation and titrated the inspired sevoflurane concentration by 0.5% increments to maintain the AAI value within the range of 15e30 in the AAI group or the BIS value within the range of 40e60 in the BIS group during the operation. If the patient moved during the operation, the inspired sevoflurane concentration was titrated by 0.5% increments depending on the patient's clinical signs, and the events were recorded. If the patient was in the AAI group, then the BIS monitor was positioned out of the anesthesiologist's line of sight. If the patient was in the BIS group, then the AAI monitor was positioned out of the anesthesiologist's line of sight. During the anesthesia, the patients ventilated spontaneously with 50% oxygen in air. Patients were not paralyzed during the whole study period. Five minutes before incision, patient received 1 mg/kg of fentanyl intravenously for analgesia. Trained investigators (the first and second anesthesiologists) were blinded to the anesthetic techniques and the grouping of the patient.
At the end of surgery, defined as the time of final surgical suture, sevoflurane delivery was stopped and fresh gas flow was increased to 6 minutes/L. The third investigator, who was also unaware of the grouping of the patient, was responsible for the assessment of the patient during the emergence and recovery period. The third anesthesiologist was the only observer in this study. Presuming adequate spontaneous ventilation and returned eyelash reflex, the laryngeal mask airway was removed before the patient coughed or moved their head to reduce the risk of laryngospasm during the critical time of the emergence period. After discontinuation of sevoflurane, the times at first movement response, phonation, or eye opening were recorded.
On arrival at the postanesthesia care unit (PACU), the patients were accompanied by their parents. Emergence behavior in the PACU was assessed by the trained observer using the pediatric anesthesia emergence delirium (PAED) score 15 every 5 minutes after awakening for 30 minutes. The highest score during this period was used in the final PAED score. If the patient cried or was suffering from pain, meperidine 1 mg/kg was given. If the agitation did not subside, meperidine 0.5 mg/kg and then midazolam 0.1 mg/kg were given. Readiness for PACU discharge was defined as a score of nine or more, with no zeros in any domains, on the Aldrete score 16 and a room air O 2 saturation ! 96%. Patients were then discharged directly from the PACU. At the time of discharge from the hospital, parents rated their satisfaction with their child's anesthesia experience on a score from very good, good, acceptable, to bad experience. The patients were asked whether they could recall any event or dreaming during the intraoperative period at the follow-up interview by a nurse of the Anesthesia Department of the hospital.
Data acquisition
The following variables were recorded: heart rate (HR), systolic blood pressure, diastolic blood pressure, mean arterial pressure (MAP), respiratory rate (RR), end-tidal sevoflurane concentration (E'sevo), the dose of sevoflurane, and the BIS and AAI values. The BIS values were recorded by using the software program TrendFace Solo (ixellence; GmbH Inc., Wildau, Germany); and the AAI values were recorded by using the AAI Graph software package (version 2.0; Danmeter A/S, Odense, Denmark). Anesthesia time (from induction of anesthesia till discontinuation of sevoflurane), maintenance time (from insertion of laryngeal mask airway till the discontinuation of sevoflurane), and surgery time (from incision till time of final surgical suture) were also recorded.
Statistical analysis
An a priori power analysis based on previous study 8 suggested that a sample size of 44 patients for each group should be adequate to achieve 30% or greater reduction in the time to first movement response with a power of 0.9 (a ¼ 0.05). One-way analysis of variance was performed for normally distributed continuous variables among the three groups of patients. When a significant difference was reached, Bonferroni correction was performed for post hoc comparisons between groups. Continuous data that were not normally distributed were analyzed by Kruskal-Wallis rank sum test. When a significant difference was reached, the Mann-Whitney U test was used for post hoc comparisons between groups. Categorical data were analyzed using Chi-square test or Fisher exact test when appropriate. The relationship between AAI values, BIS values, and sevoflurane concentrations and the relationship between BIS and AAI values during the maintenance period were analyzed using Spearman's correlation and linear regression to determine the correlation coefficient. A multiple linear regression analysis was applied to identify the variables that were related to the decrease in recovery time. The changes in HR, MAP, and RR were compared with the corresponding baseline data by using two-tailed paired t-test. A p < 0.05 was considered statistically significant. All statistical analyses were performed by using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows. Data are presented as mean AE standard deviation, number, percentage, or median (25 th e75 th percentiles) when appropriate.
Results
Patient characteristics
One hundred sixty children were included in this study. There were no significant differences in the demographic characteristics among the three groups (Table 1) .
Recovery profiles
For the primary outcome, the time of spontaneous movement was faster in the BIS and AAI groups, as compared with that of the SP group (Table 2 ). In addition, the time till fit for discharge was significantly shorter in the BIS and AAI groups, as compared with that of the SP group ( Table 2) . The secondary outcomes, PAED score, incidence of PONV, analgesic (or sedative) agents received, and parental satisfaction score were similar among the three groups of subjects. Other recovery times were not significantly different between the groups. There was no adverse respiratory event in the three groups of subjects. No patients reported awareness with explicit recall or dreaming. There was no bad experience in the three groups (Table 2 ).
Parameters during operation
The baseline MAP of the three groups of subjects was not significantly different among one another (Fig. 1) . As compared with the baseline value, the MAP was significantly increased at the start of surgery and was significantly decreased after LMA insertion in all three groups (Fig. 1A) . As compared with the SP group, the MAP was significantly higher in the BIS and AAI groups during surgery and at the end of operation (Fig. 1A) . No difference in MAP was observed between the BIS and AAI groups. The HR of the three groups was similar at baseline; it was increased during anesthesia, as compared with the baseline value in all three groups. The HR was not significantly different at various time points among the three groups. The baseline RR of the three groups was similar, and the RR at various time points during anesthesia was not significantly different among three groups of subjects. As compared with the baseline value, the RR was not significantly different during observation period among the three groups.
The BIS and AAI values during maintenance in the BIS and AAI groups were significantly higher than those in the SP group. The percentages of BIS and AAI maintenance values in the target range in the BIS and AAI groups were higher than the SP group (Table 3) . There was no significant difference in either the percentage of BIS or AAI maintenance values in the target rage between BIS and AAI group. The mean BIS and AAI values during maintenance in the three groups were decreased during anesthesia in the three groups as compared with their baseline values. The mean BIS and AAI values during maintenance in the BIS and AAI groups were higher than those in the SP group during surgery and at the end of operation (Fig. 1C and D) . The BIS and AAI values were not significantly different between BIS and AAI groups at all time points. The incidence of subject moving during operation was similar in all three groups (Table 3 ).
The average E'sevo concentration during maintenance and the dose of sevoflurane in the BIS and AAI groups were significantly lower than those in the SP group (Table 3) . The E'sevo concentration was higher than that of the baseline during anesthesia in the three groups. The E'sevo concentration in the BIS and AAI groups was significantly lower than that in the SP group during the whole surgery period (Fig. 1B) . There was no significant difference in E'sevo concentration between the BIS and AAI groups. The mean fentanyl dose was similar among the three groups ( Table 3 ). The AAI value was consistently smaller than the BIS value during the maintenance period. A significant correlation was found between AAI and BIS values during the operation (R 2 ¼ 0.67, p < 0.01, Fig. 2A ). The AAI and BIS values were significantly and negatively correlated with the E'sevo during the maintenance period (R 2 ¼ 0.03, p < 0.01 and R 2 ¼ 0.01, p ¼ 0.02, Fig. 2B , respectively). These small correlation coefficients suggested only weak correlations between AAI or BIS and E'sevo.
Multiple linear regression analysis was performed to identify the variables that were related to the increase in recovery time. The results showed that the recovery time in movement, phonation, opening eyes, and fitness for discharge had very weak association with the mean BIS and AAI during maintenance and with proportions of BIS and AAI values within the target range during maintenance (Table 4) .
Discussion
This study assessed the efficacy of BIS-and AAI-guided sevoflurane anesthesia simultaneously as compared with standard practice anesthesia and evaluate the recovery profiles in children undergoing ambulatory urologic surgeries. Our results showed that BIS and AAI guidance for the titration of sevoflurane resulted in a significant reduction in the time of spontaneous movements, fitness for discharge, and sevoflurane consumption as compared with the standard practice protocol in children. There was no difference in the qualities of recovery among the three groups. There were also no differences between BIS-and AAI-guided sevoflurane general anesthesias in children.
The quality indices of recovery in this study were the duration of recovery, emergence delirium, PONV, and parental satisfaction. Previous studies have suggested that cerebral monitoring could result in a faster emergence and reduction anesthetics from general anesthesia in adults 2e4 and children. 8, 9 We compared the BIS-and AAI-guided sevoflurane anesthesia with SP group in children. Our results were consistent with the findings of previous studies, indicating that both kinds of monitoring could hasten emergence and reduce sevoflurane concentration during the operation. Although the decrease in either spontaneous movement or the fitness for discharge in both BIS and AAI groups were seemingly small, these decreases in spontaneous movement and the fitness for discharge might still be clinically relevant because both sevoflurane concentration and consumption were reduced and the quality of recovery after ambulatory anesthesia was not affected.
Previous studies had demonstrated that both BIS and AAI monitors were able to distinguish between the awake and anesthetized states in adults 2e7 and child. 8, 9 Although the AAI was consistently lower than the BIS during the maintenance period, a positive correlation was found between AAI and BIS, suggesting that both AAI and BIS responded in a similar fashion to the changes in the level of hypnosis.
The AAI has been found to be a better predictor of anesthesia level because it measures the response to auditory stimulus in adult. 2, 3 In children, AAI was found to decrease drug consumption and recovery times under AAI-guided anesthesia. 9 However, Ironfield and Davidson 10 found that the prediction coefficient (Pk) for BIS was higher than the Pk for the AAI-1.6 in five children aged between 2e11 years who received sevoflurane anesthesia without opioids for cardiac catheterization. The AAI in the study of Ironfield and Davidson 10 had little overlap between awake and sleep, and the cut points of general There were no significant differences in the parameters tested between the BIS and AAI groups. AAI ¼ A-line autoregressive index-guided group; BIS ¼ bispectral index-guided group; CI ¼ confidence interval between BIS and AAI groups; SP ¼ standard practice group. a Data are presented as mean AE standard deviation or n (%). b p < 0.01 vs. SP group. anesthesia in AAI and BIS were different. Therefore, it is not easy to predict the coefficient for AAI. If there were more cases in the study of Ironfield and Davidson, 10 then Pk for AAI might be larger. In this study, we found a weak negative correlation between AAI or BIS and E'sevo and found that the BIS and AAI used to guide sevoflurane/fentanyl anesthesia could shorten the recovery time and decrease the E'sevo. Our finding suggested that both AAI and BIS values can reflect, to some extent, the effects of volatile anesthetics on the central nervous system. Because our study examined different aspects of AAI performance from that of Ironfield and Davidson, 10 our results could not be compared with that of Ironfield and Davidson. 10 On the other hand, Weber et al 9 examined the AAI-guided propofol/ remifentanil anesthesia in children and found that the recovery time was quicker and the dose of propofol used was less. The result of Weber et al 9 was similar to ours. Therefore, it remains to be determined whether or not cerebral monitoring is a good predictor for E'sevo and other anesthetics. There might be a question that the age might affect the dynamic relationship between sevoflurane concentration and its effect measured with BIS.
18e20 Previous studies comparing the relationship between E'sevo and BIS in children appeared to be age dependent. 18, 19 However, another study found no difference in BIS in children before induction, during maintenance, and on emergence compared with adult values, and suggested that BISguided anesthesia could improve the titration of anesthetics in children. 20 In this study, we examined the relationship between E'sevo and BIS in children. Our data showed no correlation between age and E'sevo. We evaluated the relationship between the age of children and the values of the BIS during anesthesia.
The BIS values at 1 minimum alveolar concentration (age corrected) had no relation to the age in our study (R 2 ¼ 0.01, p ¼ 0.386). We also separated the patients into two groups: 3e7 years (n ¼ 126) and 8e12 years (n ¼ 34) similar to Cortínez et al 18 The BIS value was 42.4 AE 12.6 for 3e7 years group and 45.1 AE 14.2 for 8e12 years group ( p ¼ 0.23). There was no significant difference between E'sevo and BIS in different age groups. These results were compatible with the study of Denman et al. 20 Therefore, the impact of age on E'sevo in BIS group of patient was not a factor in our study.
While the post hoc calculation in the report of Bannister et al 8 about children undergoing 30 minutes tonsillectomy and/or adenoidectomy (first response, SP: 7.0 AE 3.9 vs. BIS: 4.2 AE 3.7 minutes, p < 0.05) showed similar results to our study, the study of Weber et al 9 in children undergoing 60-minute strabismus repair surgery (recovery of consciousness, control group: 13.2 AE 8.2 vs. AAI: 5.1 AE 3.7 minutes, p < 0.01) had a longer recovery time than our study. The duration of our pediatric urologic ambulatory surgeries might not be long enough and the pharmacokinetics for the uptake of volatile anesthetic agents in the brain might be time dependent 17, 21 such that the sevoflurane could not reach the steady state in the brain.
Emergence delirium is one of the most common adverse effects in pediatric general anesthesia. There are many different kinds of scoring systems to evaluate emergence delirium 12 ; however, the PAED score is the only one that has been assessed for reliability and validity. The mechanism of emergence delirium is still not clear. Age, anxiety, analgesic agents, and rapid emergence are the possible risk factors of emergence delirium. In this study, the age and anxiety status of the patients, as measured by Induction Compliance Checklist, were similar among the three groups, and the dosages of analgesic agents during the operation were not significantly different. Although fewer doses of anesthetics and faster emergence in spontaneous movement were noted in the BIS and AAI groups, the PAED score was not significantly different among three groups. The frequency of no analgesic or sedative agents was also not significantly different among three groups. These results might explain why the degree of emergence delirium was not significantly different among the three groups. Voepel-Lewis et al 22 found that rapid emergence worsened the children's underlying sense of apprehension that induced emergence delirium, and that children with emergence delirium had a significantly shorter time to awakening. Our findings of lack of difference in the PAED score among three groups of patients might be explained by the small-shortened recovery time in the spontaneous movement, which was about 3 minutes only between the cerebral monitoring groups and the SP group. PONV is problematic in children and is one of the leading postoperative complaints from parents and the leading cause of parental dissatisfaction, delayed discharge, unanticipated hospital admission following ambulatory surgery, and increased utilization of hospital resources and health care costs. 23 Luginbühl et al 13 reported that BIS monitoring reduced PONV and increased patient satisfaction in women receiving gynecological surgery. However, we found that the incidences of nausea or vomiting in our three groups were low and similar to one another. Female gender postpuberty, increased duration of surgery and the use of volatile anesthetics, nitrous oxide, or intraoperative or postoperative opioids are well-established risk factors of PONV. 24 The difference between our results and the previous report 13 might be caused by the low incidence of PONV in this study and the difference in study patients (prepuberty children vs. women).
In the present study, the lower mean BIS and AAI values during maintenance, higher E'sevo during operation, and lower fractions of BIS and AAI maintenance values in the target range in the SP group than the BIS-or AAI-guidance suggested that a relatively "deeper anesthesia status" might exist in the SP group. Otherwise, we found that the ratios of patient movement during operation in the three groups were similar to one another. Therefore, it is speculated that the standard practice might have administrated too much sevoflurane, which could induce a deeper anesthesia status and lead to a later recovery.
We also found that the depth of anesthesia, sevoflurane concentration, dose of sevoflurane, hemodynamic signs, recovery times, and quality of recovery were all not significantly different between the BIS and AAI groups. This finding indicated that the effects of BIS-and AAI-guided sevoflurane in children were similar to each other. Under similar ratios of patient movement during the operation among the three groups, our results suggested that BIS-or AAI-guided anesthesia is safe and can decrease the consumption of anesthetics and recovery time in children. Although our results were consistent with previous studies, our study investigated the recovery impact in children undergoing ambulatory surgeries by using both BIS-and AAIguided anesthesia at the same time. Because the results in BIS and AAI groups were similar, we could not find the difference between BIS-and AAI-guided titration of anesthesia.
In conclusion, cerebral monitoring-guided sevoflurane anesthesia could result in shortened recovery time of spontaneous movements and fitness for discharge and reduced sevoflurane concentration and consumption without affecting the quality of recovery after ambulatory anesthesia in children. The beneficial effects of BIS-and AAI-guided anesthesia on pediatric ambulatory surgeries are similar to each other.
